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Figurel. Locations of invasive aquatic plants found by CAES IAPP from 2004 to 201"

Introduction

Lakes Candlewoodljllinonah Zoarand Squantz Pondffer diverse freshwater ecosystems
and exceptional opportunities for fishing, boating amdther outdoor activities. These
impoundmentsare alsotl KS & 2 dzZNOS 2 F [ uppfypiSedéwabizdeneywn viat | NH
hydroelectric facilities owned and operated by FirstLight Power Resources (Ah&dive
aguatic plantshave become established in the lake®d have few natural enemies to control
their growth (Wilcove et al. 1998, Pimintel ail. 2000) They degrace native aquatic
ecosysters (Barrett 1989, Les and Mehrhoff 1999mpede recreationand reduce home
values(Connecticut Aquatic Nuisance Species Working Group 2006, Fishman et alOr#e8)
invasive plants are establishedlong term and costlymanagementprograms are often
necessary The Federal Energy Regulat@gmmission (FERC) Article 409 requifeBR to

provide invasive aquatic plant monitoring lakes Candlewood, Lillinonah and Zoar (Northeast
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Generating Company 20D3n 2015 FLIR decided to also includethe monitoringof nearby
Squantz Pond.

Statewide survey® @ ¢ KS /2y Y SOGAOdzii ! ANRKR Odz GdzNF £ 9
Aquatic PAnt Program (IAPP) have foundif@asive aquatic plant speciggabitng nearly60
percent of/ 2 Yy SOUG A Odzi Qa(Fidure 1) Buiibed ef & 20LEAER ¥APP 2018
lakes Candlewood, Lillinonah, Zoar and Squantz PBadgsian watermilfoi(Myriophyllum
spicatun) has beernthe most commoninvasive plantind alsocreatesthe greatestnuisance
This planthas been present in Candlewood Lakd y OS |G S+ ad GKS SIN
1986) whenit probablybecame establisheith LakesLillinonah Zoarand Squantz Porak well

CASIAPPhas studied theaquatic plants in lakes CandlewoqdLillinonahand Zoarsince
2005 andSquantz Pond since 201The plant communities are similar because of khlees
closeproximity to one anotheland their similar water chemistes (CAES IAPP 2Q1Bugbee
and Fanzutti 20%). A total of 22 plant species occur in the lakegth Eurasian watermilfqil
minor naiad(Najas minoy, curlyleaf pondweedPotamogeton crispysEuropeanwaterclover
(Marsilea quadrifolia, and water chestnut {rapa natany being invasiveWater chestnut is
found only in Lake Lillinonahand European watercloveis foundonly in Lake ZoarEurasian
watermilfoil typicallycoveis the largest aredollowed byminor naiadand curlyleaf pondweed
Curlyleaf pondweednay be underestimatedprior to the commencement ofspring 2012
surveys because itnaturally died backbefore the summeronly surveygCatling and Dobson
1985) Differences in theway invasiveplants aremanagedand differences in thedosed
impoundment nature of Candlewood Laked Squantz Pondersus the riverine systems of
Lakes Lillinonah and Zoar result in dissimilarities in plant populations from year to year. Squantz
Pond is connected to Candlewood Lake via flow under the Route 39 caused/dlyerefore

would likelyhave asimilar aguatic ecosystem

Winter drawdown and occasional harvesting are used to manage Eurasian watemilfoil
Candlewood LakeB(ugbee and Fanzutti 281 Tarsi 2006)and Squantz PondDeep winter

drawdowns (3 m) withearly onset andong exposure timesdve proven most effectivan
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Hgure 2. Locations and numbers of grass carp introduced into Candlewood Lal
Squantz Pond (maps courtesy of the Candlewood Lake Authority).

2008 and 2010, milfoil weevilghrychiopsis leconjeivere introduced into Candlewood Lake

to control Eurasiamvatermilfoil without success

In 2015,3868 12 - 15 inchgrass carp Ctenopharyngodon idelavere introduced into
Candlewood_ake(Figure 2left) and 5035 more were introduceth 2017(Figure 2, middle)n
2017 585grass carpvere alsostocked in Squantz Porfgigure 2, right) Because Candlewood
Lakeand Squantz Pond are connected via the conduit uitlaute 39 grass carp can move
freely between the waterbodiesAs expectedthe efficacyof the grass carp in Candlewood
Lake was minimah 2016 probablybecause of their small sifBugbee and Fanzutti 201 As
they grow however their plant consumption will increase arttieir effects may bemore
noticeable. Based on a 15 fish per vegetated acre desired stocking rate (CTDER2) &0
acresof watermilfoil in Candlewood Lakepproximately 7500 grass carp are necessary. The
grass carpntroduced in 2017 now brings the totad Candlewood_aketo 8903 and, barring
unforeseen mortality or offsite movementegetation control should begin to manifest.
Invasivevegetationis presently being managedliake ZoausingherbicidesIn Lake Lillinonah,

hand harvesting of water chestnig currently practiced and herbicide applicati®dare being
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consideredPassive contrglin both Lillinonah and Zoar,ay be occurringrom occasional low
water levels storm events that cause intense flow ratesd increasing populations of zebra
musselsDreissena polymorpha

The following report represents treeventhyear of CAES IAPP surveillance and mapping of
invasive aquatic plania lakes Candlewood, Lillinonadmd Zoarnd thefourth yearin Squantz
Pond.The reportfulfillsthe requirements of FERC Atrticle 409.

Objectives

Survey and map invasive aquatic plantekes Candlewoqd.illinonahZoarand Squantz Pond
to fulfill the FERC nuisance plant monitoring requirement in Article 409.

Document yearly changestime plantcommunity and relate to management activities

Providethe scien@ necessary tdetter manageinvasive aquativegetation enhancenative
speciesprovideoverall protection of the waterbodiesnd assure continuance of hydroelectric
power generation

Materials and Methods

Our2017 aquatic vegetatiorsurveys utilizedmethodsestablishedoy CAES IAPPhese
methods have provided a consistent record throughout the yaafiestecorded locations of all
invasive plants with TrimblBeoX ¥, ProX for RT°globalpositioning systerm(GPS) with sub
meteraccuracyln 2014, we added a Lowrance B@har systenwith structure scan tde-
nology, to determine patches near the bottoandto eliminate the need for time&onsuming
grapple tossedVe circumnavigatedhe plant patchego form georeferencegolygors. Patch-
escoveringless than one square meterere recordedhs a poineind assignedn area of
0.0002 acres (ih?). We measured epthwith arake handle, drop line or digital depth finder
and sediment type wasstimated Plant samplesvere obtainedin shallow waterith arake
and n deeper watemwith agrapple We measured lant abundance using\asualscale of o
5 (1 = single stem; 2 = few stems; 3 = common; 4 = abundant; 5 = extremely abundaat).
dlewoodLake we recorded each area where Eurasian watermilfoil fleegeringat the surface
with a point feature When field identificatios of plantswere questonable,we broughtsam-
ples back to the lab for review using the taxonomy of Crow and Hellquistd2200®). We

generally use common plant names in this report when referring to plant in the frequency of
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occurrence tables where the scientific names @ted.We postprocessedhe GPS data in
Pathfinde’5.85 (Trimble Navigation Limited, Sunnyvale, & thenimportedit into ArcGIS
105.1 (ESRI, Redlands, CA), where it wasogeeected.Datawere then overlaicbnto 2010
United States Department of Agricultur@lational Agricultural Inventory Prograaerialim-

agerywith 1 mresolution

We collected occurrence and abundance plant information from ten transedékes
Candlewood, Lillinonah, and Zoar and five transectguantz PondTransecpoints were
positioned 05, 5, 10, 20, 30, 40, 50, 60, 70 and r@Qperpendicularfrom the shore. In
Candlewood_ake these transects were a subset of the 105 laid out in 2005 (Bugbee et al.
2008) and contained at least one occurrence of each native and invasive plant species
Lake Zoar, previously established transects were used, but not all species in the earlier
suveys were present. In Lake Lillinonake decreased the number of transedtem the 16
we surveyed in 200Bugbee and Balfour 20) to 10. In Squantz Pond, we decreased the
number oftransects fom the 14 laid out in 201XCAES IAPP 2018 five and renamed
them 1¢ 5. We selected transects formerly numbered 1, 598and 11because they best

depicted the diversity in the lake

Significant differences ithe frequencyof occurrence of plant specidsetween years
along transects ware determinedusingl Yy f €A &4 2F G NALFyYyOS 0! bh#
posthoc test(p <0.05) Significant differencesiispecies richnegser transect point were
determined by * one standard error of the mean (SEM). We surveyed Candlewood Lake for
curlyleaf pondweedrom June3 - 9 and all invasive plants froduly 26c August 25This was
the fourth consecutive year we performed trspringcurlyleaf pondweed survey to provide
more thorough documentation of this plant prior to its summer senescence. When
summertime curlyleaf patches overlapped spring patchesonly reported thespring data.
The Candlewood Lake transect data were obtainedogust 21, 22 and 2and the water
samples were obtained on Augudh.2Ve surveyed Lakkillinonahfor curlyleaf pondweed
from May 31 ¢ June2 and all invasive plants from August 17. We obtained transect data
on Lakelillinonahon Augus#, 8, 9 and23, and obtained water samples on Aug®dt We

surveyedSquantz Pond for curlyleaf pondwefdm May 19 - 24 and for all invasive plant
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Tablel. Yearly frequency of occurrence of aquatic plants on transects in Candlewood |

Frequency of Occurrence
(percent *)

Common Name Scientific Name 2005 | 2008 | 2009 | 2010 | 2011 | 2012 | 2013 | 2014 | 2015 | 2016 | 2017
Water starwort Callitriche spp. 1.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Coontail Ceratophyllum demersum 3.1 333 113 | 22.7 1299 22.7 1217 | 22.0 | 270 | 34.0 | 39.0
Waterwort Elatine spp. 0.0 1.0 chat 2.1 0.0 4.1 0.0 1.0 2.0 1.0 0.0
Spikerush Eleocharis spp. 0.0 0.0 31 10 1.0 31 0.0 1.0 3.0 3.0 3.0
Waterweed Elodea nuttallii 4.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Duckweed Lemna minor 21 6.3 1.0 4.1 7.2 4.1 0.0 3.0 0.0 0.0 1.0
Eurasian watermilfoil Myriophyllum spicatum 51.0 | 79.2 | 649 | 70.1 ( 784 | 79.4 | 423 | 76.0 | 680 | 77.0 | 57.0
Nodding waternymph Najas flexilis 7/ 1.0 1.0 0.0 2.0 0.0 0.0 0.0 0.0 0.0 0.0
Minor naiad Najas minor 12.5 6.3 8.2 113 | 15,5 | 124 | 19.6 | 24.0 | 16.0 | 10.0 | 10.0
White water lily Nymphaea odorata 1.0 1.0 0.0 1.0 1.0 1.0 1.0 2.0 1.0 1.0 1.0
Snailseed pondweed Potamogeton bicupulatus 0.0 1.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Curlyleaf pondweed Potamogeton crispus 135 1.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Leafy pondweed Potamogeton foliosus Sk 0.0 0.0 0.0 209, 1.0 552 1.0 0.0 0.0 0.0
Variable leaf pondweed Potamogeton gramineus 20 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Clasping leaf pondweed Potamogeton perfoliatus 1.0 2.4 1.0 0.0 0.0 2.1 0.0 1.0 1.0 0.0 0.0
Small pondweed Potamogeton pusillus 234l 1.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Great duckweed Spirodela polyrhiza 1.0 0.0 0.0 1.0 52 0.0 0.0 0.0 1.0 0.0 0.0
Sago pondweed Stuckenia pectinata 6.3 1.0 0.0 4.1 0.0 39 72l 2.0 1.0 11.0 0.0
Eel grass Vallisneria americana 2:0 2.1 4.1 4.1 Sl 4.0 4.1 6.0 4.0 3.0 5.0
Spotless watermeal Wolffia spp. 0.0 0.0 0.0 0.0 0.0 34 0.0 0.0 0.0 0.0 0.0
Horned pondweed Zannichellia palustrus 145 3:1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Total Invasive Species Richness 3 3 2 2 2 2 2 2 2 2 2
Total Native Species Richness 140 | 11.0 7.0 8.0 8.0 10.0 5.0 9.0 8.0 6.0 5.0
Total Species Richness 170 | 140 | 9.0 | 10.0 | 100 | 120 | 7.0 | 11.0 | 10.0 | 8.0 7.0
Invasive plant
* Percent occurrence on 97 points in 10 transects
Shaded columns indicate deep drawdown years

species fromluly B ¢ Augustl. We took water samples on AuguktLakeZoartransects
were surveyedrom August29 ¢ 30, and water samples were taken on Aug@6t Detailed
AYT2NXEGAZ2Y NBIISERAWAY & diNG 42270 | 6b)SWRe ugegia (G K S
Secchi disk to measure transparenBgcause water clarity can affeotr ability to see
vegetation, we alsogrformed Secchi measurements most days we performed surveillance
Weused an Y858 meter (YSI Inc. Yellow Springs, Ohio) to measure water temperature and
dissolved oxygen. Measurements occurredh@ samedeep areas of each lakes previous
surveysat 0.5 m and at 1 ndepth intervalsuntil we reached the bottomWe collected
water samples from 0.5 m below the surface and 0.5 m from the bottom.

Grass carp are known to feed from the topasfuatic vegetatiordownward (Pipalova
2006) Their effects, therefore, are likely to be first noticed by a reduction in suviaget-
tion. We mapped the locations of Eurasian watermilfoil patches that reached the surface
(abundance = Sithin patches of lesser abundanabundance < S)ith separate point
features(Figure 10)When combined with patches with an abundance of, fivese dataare

expected togivequantitative year to year comparison$the efficacyof the grass carp
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Figure 3. Yearly changes in in the acreage of invasive aquatic plants in Candlew
(deep drawdown years in bold).

Results and Discussion

Candlewood Lake

Our 2017 invasive aquatic plant survey of Candlewood Lake found seven plant species
comprised of five natives and two invasives (Table 1). A total of only seven plant species in a
large lake is very low for Connecticut with many lakes lgaewver 30 species (CAES IAPP
2018). Eurasian watermilfoil and minor naie@mprised the invasive speciesdathey are
the same as found in previous years. Eurasian watermilfoil continued to be the most
prevalent invasive aquatic plam 2017 coveling 498 acres which was a slight decrease
from the 506 acres found in 201 igure 3)Minor naiad covereanly five acreswhich was
the lowest yetand showed a large reduction from the 54 acres found in 20b& plant
tends to occur in protected covegheregrass cargpopulations and associated herbivory are
greatest Gurlyleaf pondweed continued to be scarce with only sporadic pamtw

abundance.
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Table 2. Yearly comparisons of the number and size of invasive species patchesei
wood Lake.

Table 3. Yearly comparisons of the abundancevafsive species in Candlewood Lake

There were 686 patches of Eurasian watermilfoil in 20&presentingthe highest
number recordedto date (Table 2).Patch number carmncrease when largpatchesare
separated into smaller ones by managementh as grass carp, harvesting, and benthic
barriers or random eventsThelargest patch of Eurasian watermilfeil 2017was 33 acres
located in Danbury Cove (Map Page 2P Other large patches were foundltho Bay (41
acres, Map 8Page 28 BrookfieldBay (26 acresMap 6 Page 2h and along the eastern
shore from transecfive to transectsix (20 acres Map 3 Page 2B These are generally the
same sites as in previous years.

The mean abundance of Eurasian watermilfoil patéché&Sandlewood Lake (Tablev@s
2.8in 2017making the year similar to all previous years (rande;.3). We found9 minor
naiad patchesn 2017 which was considerapless thanall previous year§ange26 - 137).
Mean minor naiad patchsize, however,only decreased slightlp 0.6 acresfrom 0.7 acres in

2016,with the largest patclin the southern
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